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2. 



Name of Invention 

Method for Setting Memory Access Timing 
Patent Claims 

am) test leads ftom the ^^™^»ih=«tlin id* wis in effect »hen the 
setting. 
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Detailed Explanation of the Invention 



fArea of Application in Industry] 

This invention pertains to a method for setting the memory order 
^XaSSng for random access memory (heremafterabbxevtated 
"RAM") mat is equipped in, for example, data processing devices. 



6 shows a block diagram of the logic circuits that use the conventional 
Figure 6 shows a diock U1 *k"^ , fimft i « RAM (using the example 

t^sz^i^^^^^S^ 3 u a muWplexed 

where a dynamic RAM s used). 2 15 ™ ^ d multiplexer 2, 4 is an address 
address bus connecting Ae RAM V m£ the tfdress^ P ^ ^ ^ ^ 

6 mm* «> be ied-AdditioMll,. fot simplicity in ihe exptanatron. the logic 
circuits for refreshing the RAM 1 ere not shown. 

^d™ynchronized to the master clock on line L2, ) < *"H!?If-T^T]^^ ' 

Sam 1 .. ■!■ In addition, ta <h^convc«»o^l 

SSple. jumper lines 17, It, 19, end 20 are set by tout selecong, respectrvdy, 
ootpuis TV, H, Tin, and Tn of die memory control ring 6. 

Mow will be explained an example of an operation W write lo the RAM 1, 

Sming etas, shown in ^ t^ L tT3^ri« mode 

the multiplexed address bus 3. At this time the wme aam » 
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i« this wav the row address and write data are applied, and, as described above 
^ J^r;^c«s mode7ignal of line LI is at "1." so the memory control ring 6 

this time the roverteosign* k m l0 « u „ md ^ 



wnte mode. When toe 1 <n«P^ oi J^bed above causes the output 

the output To * 1 gomg to 1. ' »* J™7.TjL_ fte ouTpue of the NOR gates 
write mode signal on line U both go w °- J"5^™f . .? . „ „ . 0 . ; 

signal). 

on Mother hand, in the operations to read from the RAM 1. as shown in Figure 
^v^n^ s gmd and the WE signal go to "0," and at the point m jme 
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over which the control sigmils to the RAM i » 

(ProMems So.«d by — 

In the conventional method for setnng w» / requires a manual 

sets the RAM access timing ^^X'^S^ a ^ 
intervention to set the jumper hnes. is used is changed it is 

of different access times, and when^ ^ 
necessary to change the set ^SSSS E«3ytf *■ setting is 
timing, and, as a result, the RAM if RAM that can operate at 

»^-S %M,,,Bi^l,,,,itt, 

Jiess rtiining used is for low speed RAM. 

This tovenuo. was created ^^SS5S2 
above, and to ^"^tiir»» m-«l imervemion, 
*?pS«&S* of the RAM and to improve 
reliability. 

from the memory (RAM 1) ^^^^mf«ute1f the comparison 
torad data where the ^ *^ £ £^ 2 "» th* the access to the 
Cicalas a match are set to registers 21, 22. i>. ana 4.1, ~ 
memoi^(RAM 1) is performed based on these sernngs. 

[Opemdonl ^ 24 to d»s mvomon « set to ^ given »^ue by 

The registers 21 , 22, 23. "~ " ™.™ Messed hased on the various settings that 
program, and the memory (RAM 1) ".aceesseo and read from the 

LvTheen set, a. which rime ~ £ J»£,£HK re*. « comp-ed 
mmary _ The data wnllen as the testdam. . ^ ™ on me respective 
meach other for each of the access T^' 0 "' „^„p^RAM 1) matches the 
brings, and ^<?»^^^^*£»tefo* setunga in 

perfomied. 
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1 the same symbols are used as corresponding ^ ^^^ register for 
Figure 6, so the ex^o™ (hereafter 
determining the tuning with ^^J^ the timing with 
termed the "RAS register"), ^SSe^COLS register"), 23 

which the COLS signal is produced <* re ^^~ CAS $ignal is produced 

is the register ^^^^^^6^^ 

(hereinafter termed the "CAS register ), 24 "J™"* reduced 

Ling with which the memory ^ that 

ring 6. 

^^i^^SSZ^S beside, ft. =P— 
when RAM 2 is installed. 

m table has the settings for the RAS «gis.r21 ^LS^^CAS 
register 23 , and the CPLT reg,^ ML - » ^ £is program 

11 to 15, ml to m5, and nl to n5 words> te program is 

executes the flow chart shown in Figure 3^ ^ th "^ 0 ^' ± M^xon 
executed (Step SI), the RAM, 
indicated by the pointer (in this case, ^^^V™^ ^ "pointer is then 
shown in Figure 2) are loaded into ^ "g" " C *J Winter (inthis case, the 
incremented (Step tgd. ^ fo SLcoS register 22 (Step S5). 

setting 11 corresponding to RAM.) indicalcd by the pointer (in 

the pointer is incremen ed (Step So). Jtie 1™°™ register 
this case, the setting ml coixespondins to RAMi> i »JJ~^ 0B indicated by 
23 (Step S7), the pointer is incremented (Step S8), « "J™? . mlo ^ 
Setter (in thiscase the setting nl corresponding to RAM.) » ^ fa 

SS register 24 (Step S9), the poin« ^-^^Sf^HsS 
written into the RAM: ^^^^^^i^shown in Figure 4. 
SI 1). and the write operauo^s^ormed with in Figure 5 (Step 

Then the data is read from ^^^J^^ ^ ^ written (Step 
S12), and the data that was read is compared to tne oaia correspond 
i, 3 : in this case, the settings are te ^K ^s^STraS 
to RAM,. These settings do inatch the nmmg complete signal) 

signal, the COLS andfce data that 

for RAM 2 , so the comparison in Step uoiine«M»u 
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returns to Step S3. 

The infonn.tion inoicaled * * SS&ttCS. - » A" * 
to sating k2 that eorrespoiKhtothel^it^i^^ 

above is performed (Steps S4 tnrougn « reaister 23, the setting n2 

COLS ^»»» ""ES M Sriomto^ RAM J (S«P 

that was written so the program £ n £^° J ^ fina] ^ings, and selectors 
and n2 are set into registers 21. » « "-Stan the output Tk2 + 1 of the 
25, 26, 27, and 28 cause the RAS signal to J^*^ T12 «■ 1 

memory control nng + , is -1," and the memory 

is the CAS stgnal to be 1 when ^«» „ ^ when ^ 

S5 tt^M^*"** -P* the CAS signal and the 
memory access complete signal all go to 0. 

^£^0^ v^Tbe prtn* one. tiw time,, four ttnes. 
or five limes, respectively, to sel the nccess tuning. 

addition, if in high-speed computers, the RAM J^^^ type of RAM is 
the card unit or the bank ^umt of nuun ^me.no.7, performed to 

different card units or bank units, me inning «" K" . .. 

different on flk» ram makina it possible to prevent any impediments 

match the capability of the RAM, making £ P°«* v . ^ that 

to performance by mixing types of RAM. f^^^^SSapdiM for 

finer increments, rather than detcrmiru^ng the semng^ 
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rf„™d for all addresses of all RAM. than il is possible to identify • the! RAM 
£S eia^f different rypes of RAM (with different aceess umea) « 



mixed. 



Furthermore, in the P'cof ^ . d^c RAM 
was used as the instead of the RAS 

value. 

rpffects of the Invention] 

the capabilities of the memory ^ ^^^^XeTmanual intervention in 
expensively. 

" r^^d^^^c^t.«u«^n^^*e 

openauon o, the Example of 

^ffi^oft^^-^con^t^^ 
of setting the memory access timing. 
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1: RAM (memory) 
2: Address multiplexer 
6: Memory control ring 
7: RAS flipilop 
8: CAS flipflop 
9: COLS flipflop 
10: AND gate 
11,12,13: OR gates 
14,15,16: NOR gates 
21: RAS register 
22: COLS register 
23: CAS register 
24: CPLT register 
25, 26, 27, 28: Selectors 

Representative: Masao Oiwa, and two others 

Figure 1 . 

[LI ] Memory access mode signal 

[L2] Fundamental clock 

[6] Memory control ring 

[21] Register 

[25] Selector 

[22] Register 

[26] Selector 

[23] Register 

[27] Selector 

[24] Register 

[28] Selector 

[L4] Memory access complete signal 
[Under 14] RAS signal 
CAS signal 
[2] Address multiplexer 
[Above 10] COLS signal 
[L3] Write mode signal 



Figure 2 
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Settings tor the registers for 
generating the timing 



ESTfiSSi indict by the pointer into the COLS reguter 
^jl^e information indicated by the pointer into the CAS register 
SirSSonWictnodby^poin^^^CFLTregi^ 
Pointer- pointer +1 



Figure 3 
SI Start 

S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 

S10 roju*. r 

Stl Write test data to the RAM 
en Read test data from the RAM 
il3 compare the read data to the wnte data 

5 1 4 Is theTe a pointer error? 

515 Error report 

51 6 Settings complete 

Figure 4 

Fundamental clock 

Memory access mode signal 

Write mode signal 

TO 

Tl 

Tk 

Te 

Tn (Memory access complete signal) 
RAS signal 
COLS signal 
CAS signal 
WE signal 

Figure 5 

Fundamental clock 
Memory access mode signal 
Write mode signal 

TO 
Tl 
Tk 
Te 

TnVeroory access complete signal) 



RAS signal. 
COLS signal 
CAS signal 
WE signal 



Figure 6 * 
[LI] Memory access mode signal 
[L2] Fundamental clock 
r61 Memory control ring 
L4] Memory access complete signal 
[Under L4] RAS signal 
1 CAS signal 

WE signal 
[2] Address multiplexer 
[Above 10] COLS signal 
[L3] Write mode signal 



